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Abstract 
The article deals with the innovation methods and tools which can be applied in the analysis stage of the washing machine assembly 
process. The goal of this article is to create and evaluate reference methodology applied in selected problem areas. The solutions offered 
in this article are based on an in-depth analysis of the product and its assembly process and they take into consideration a wide range of 
individual requirements. Obtained results will be verified. 
Keywords: innovation methods and tools, assembly process analysis, top-load washing machine. 
1. Introduction 
The step from industrial society to knowledge society requires new information and knowledge and their implementation 
in the area of innovative design of assembly systems. New methods and techniques should be used in the solution of 
complex or multi-layered problems of product assembly. [17, 25] 
Innovations are a creative process, which arises through new ideas, inventions and transformation of knowledge that are 
implemented into particular technical solutions. This creative process is facilitated by innovative methods, technology and 
tolls. [18, 26] 
The design of assembly processes and systems applies various methods and techniques of innovative design. Analytical 
stages of the solution-finding process focus primarily on the assembled product and the assembly process. The article 
defines selected methods and tools of innovative design used in the analysis of assembled products and assembly systems. 
The analysed product is a top-load washing machine. [24] 
2. Product Analysis 
The key object of the observation is the assembled product, whose analysis determines further work stages. The product 
analysis focuses on several problem areas, which include product structure, product decomposition and assembly subgroups 
identification. Complexity of the product determines the detail level on which the problem is to be solved. 
2.1. Product Structure 
The product structure analysis should be based on detailed construction models. Fig.1 shows an example of a top-load 
washing machine. The formulation of a detailed assembly process can be carried out only by means of the decomposition 
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and structure analysis of the product. 
Fig. 1 Structure of a Top-load Washing Machine 
2.2. Product Decomposition 
The assembled product is decomposed to knots and components, i.e. to indivisible elements. Those parts of the product 
which are supplied already assembled can be also referred to as knots or components, i. e. their assembly is not part of the 
final assembly. An example of product decomposition – a top-load washing machine – is depicted in Fig. 2. 
Fig. 2 Decomposition of a Top-load Washing Machine 
2.3. Assembly Subgroups Identification 
An assembly subgroup is created by minimum 2 components which can be assembled and then transported, stored or 
tested in a different place and at a different time than other parts of the product. Assembly groups and subgroups are often 
identical with the construction groups of the product. The assembly subgroups identification of a top-load washing machine 
is shown in Fig.3.  
A decision has to be made whether the assembly subgroups will be part of the final assembly or not. The decision 
depends on several factors, such as the number of assembly subgroups and their characteristic traits, the number of 
components, the type of field joints, the number of assembled products, the type of assembly system etc. 
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Fig. 3 Examples of Top-load Washing Machine Assembly Subgroups 
2.4. Analysis of  the Problems in the Assembly Process 
The analysis of assembly process problems is a complex process which has the following characteristic features: 
• extraction of positive value from data and information  
• elevation of the multiplication effect by means of identification with relevant principles, rules and dimensions of 
the processes 
• understanding of the entity, base information, rules and principles 
The application of innovative methods in washing machine assembly analysis is represented by the selected reference 
solutions of the failure analysis of the washing machine drum assembly and the risk analysis of the washing machine door 
assembly. 
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2.5.  Failure Cause Analysis of the Washing Machine Drum Assembly 
The fishbone diagram in Fig.4 shows the causes of failures and divides them into 4 categories: grasping, manipulation, 
orientation and joint making. The diagram describes 18 possible failure causes, whose number of occurrences is shown in 
Table 1.  
Fig. 4 Failure Cause Analysis of the Washing Machine Drum Assembly 
Table 1.  Analysis of Failure Occurrence in the Washing Machine Drum Assembly 
distance ring
insertion 
distance ring
spacer ring  
spacer ring 
Failure in the 
product assembly 
(washing machine 
drum subgroup) 
OrientationGrasping
on a palette
wrong orienation 
of the tub 
on the 
assembly wrong orientation 
of the bearing lid
bearing distance ring 
radial shaft seal
radial shaft seal 
bearing 
distance ring
spacer ring
Manipulation Joint making
tub
bolt tightening
bearing lid 
radial shaft 
seal 
bearing pressing 
FAILURE CAUSE ANALYSIS 
no. Specific Failures Number of 
Occurrences 
Cummulative Sum 
1 Wrong orientation of the drum on the pallete  25 25 
2 Improper manipulation with the drum  20 45 
3 Improper grasping of the distance ring 15 60 
4 Wrong orientation of the distance ring on the 
assembly line 
15 75 
5 Improper manipulation with the distance ring  12 87 
6 Improper insertion of the distance ring  10 97 
7 Improper grasping of the radial shaft seal 10 107
8 Wrong orientation of the radial shaft seal on the 
assembly line 
5 112 
9 Faulty pressing of the radial shaft seal  5 117 
10 Improper grasping of the spacer ring 5 122 
11 Wrong orientation of the spacer ring on the 
assembly line  
4 126 
12 Improper manipulation with the spacer ring  4 130 
13 Improper grasping of the bearing  4 134 
14 Wrong orientation of the bearing on the assembly 
line  
2 136 
15 Faulty pressing of the bearing  2 138 
16 Wrong orientation of the bearing lid on the pallete  2 140 
17 Improper manipulation with the bearing lid  0 140 
18 Error in bolt tightening 0 140 
total occurrences 140  
tipping 
point 
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The table contains a so-called tipping point, which indicates that all causes below it come under the category of „other 
causes“. The model Pareto chart in Fig.5 defines 6 major causes which induce 75% of all negative effects and therefore 
should be eliminated. 
Fig. 5 Pareto Chart Showing the Analysis the Causes of Negative Effects 
The task of the analysis at this stage is to foresee, monitor and limit the occurrence of risk situations, which may have a 
negative influence on the results of the assembly process.   
The plan sets the precautions which have to be taken in order to prevent risk situations  and if they do happen, its task is 
to reduce their impact on the project. 
2.6. Analysis of Risks and Limits of the Washing Machine Door Assembly 
The causes of risk can be divided into: 
• predictable and  controllable – size and extensiveness of the project, company culture, qualifications, deadlines, 
motivation, financial stability, contractual ties; 
• uncontrollable – political situation, legislation, macroeconomic situation, technical progress, natural resources, 
human factor. 
The risk map shown in Fig. 6 can be used to identify and analyse the risks in the production of top-load washing 
machines and to suggest the strategies to reduce them.  
The probability of risk occurrence and its influence should be set by the manager, who has experience and knowledge in 
the particular segment of the production area (Table 2).   
Table 2.   Risk Analysis of the Washing Machine Door Assembly 
Risks Probability of Occurrence  Risk Influence 
Total Risk 
Evaluation 
1. Violation of Internal Regulations 1 3 3 
2. Wrong Manipulation with 
Components 2 3 6 
3. Faulty (incomplete) Loading of 
Components 1 2 2 
4. Risks connected with Authority 
and Responsibility Delegation  3 2 6 
5. Human error 1 1 1 
Total Risk 18 
Evaluation:  
1 – low  
2 – medium  
3 – high  
25 20 15 15 12 10 10 5 5 5 180
20
40
60
80
100
120
140
160
1 2 3 4 5 6 7 8 9 10 11
100 % 
75 % Cummulative 
sum 
N
u
m
be
r 
o
f O
cc
u
rr
en
ce
s
Causes of Negative Effects 
386   Miroslav Malák /  Procedia Engineering  48 ( 2012 )  381 – 387 
Key: 
• the highest total risk of a factor is 9  
• the lowest total risk of a factor is 1  
• the highest total risk is 45 (i.e. 9x5) 
• total risk is the sum of the product of the probability of occurrence and its influence 
Fig. 6 Washing Machine Door Assembly Risk Map 
• segment 1: high probability of a situation with serious results, precautions and reserves necessary 
• segment 2: high risk probability, a small reserve recommended  
• segment 3: acceptable risk, reserves not needed  
• segment 4: general reserves needed 
3. Conclusion 
Assembled product analysis and assembly process analyses are complex tasks. Innovative methods and techniques 
are tools which facilitate the creative process.  
The assessment of the applied methods (FISHBONE DIAGRAM, PARETO CHART AND RISK MAPS) can be 
carried out by means of the following criteria: 
• The method itself and the obtained results can be computer processed. 
• Repeatability of the method application.  
• Creative problem-solving process, especially in unique problems. 
• Expected time saved by the use of the method.  
• Can the method be applied to another problem or a set of problems?  
• Application difficulty resulting from the method difficulty.  
• Does the method support results search in a wide range or not? 
• Lucid and clear presentation of the method results.
The goal is to create a system that will include knowledge, information, methodical, technical and other tools, 
which will make the innovation process faster. 
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